A wireless sensor network consists of a large number of distributed independent sensors. One of the major challenges is to use energy conserving routing algorithms that can find paths which consume the minimum energy. Recent researches on maximising the lifetime of WSN, like the online maximum lifetime (OML), and capacity maximisation (CMAX) heuristic were intended to do so. Others applied a new method for power management to increase the node lifetime by focusing on the node level. In this paper, we propose a realistic power consumption technique using realistic variables to compute the power consumption on each node using the shortest path. The result shows that our technique has the best result. Also, it shows that when applying the realistic consumption technique on the wireless sensor system, it has a higher lifetime when using the uniform distribution than the Poisson distribution.
Introduction
Wireless sensor networks are built of nodes from a small number to many hundreds or even more, where each node is connected to at least one sensor node, the sensor node has in particular the following parts, a radio transceiver with internal or external antenna, and a microcontroller for interfacing the sensor with its energy source (Balaswamy et al., 2011; Liu et al., 2009) . A power source supplies the energy needed by the device to do the planned job. This power source consists of a battery with a limited energy, and in most of the times, it could be impossible or difficult to recharge the battery, because nodes may be deployed in a hostile or unwieldy environment Meulenaer et al., 2008) . The sensor node will send the data being sensed base station, where the enduser can access the data, so the sensor node should be capable to do this job; energy preservation is a key issue in the design of systems based on wireless sensor networks, (Koushik, 2003; Lindsey and Raghavendra, 2002) .
There have been quite a lot of network routing protocols introduced for wireless sensor networks, they are divided upon the way they transmit the data to the base station or sink node; for example the direct communication with the sink node, multi-hop and clustering approach. (Koushik, 2003) . In direct communication protocol, each sensor sends its data directly to the sink. If the sink node is far away from the nodes, then this way will need a large amount of energy and this will kill the battery very quickly; in multi-hop the nodes route the data to the sink node through intermediate nodes, these nodes acts as a router for the other nodes; in clustering the nodes organise themselves into local clusters, with one node act as the local sink node or cluster-head (Koushik, 2003) .
This work takes into consideration, two heuristic approaches, one of them is the online maximum lifetime (OML), which employs two shortest path computations to route each message, and the other is capacity maximisation (CMAX) heuristic in which it control the admission, where it is possible to reject some routes. This work introduces a new heuristic approaches OML_M and CMAX_M, the four approaches were studies and analysed based on statistical analysis using random variables, we also introduced in this work a new realistic power consumption model based on Heinzelman equations.
Literature review
Wireless sensor networks are a very active research area, especially in routing protocols, since the sensors have many limitations in their energy, transmission power and their computational capacity. Singh et al. (1998) proposed the min-max battery cost routing (MMBCR) in which , MMBCR tries to find the minimum battery capacity for a node in all possible routes, and chose he route that may has the maximum lifetime, MMBCR depends on the residual battery power capacity metric, it does not take into account the node transmission power . Other researchers, proposed the conditional max-min battery capacity routing (CMMBCR) in which it takes into account the residual energy at the nodes and the total transmission energy consumption of routes. It chooses the minimum total transmission energy that will maximise the network lifetime by equally distributing the power consumption on the nodes. CMMBCR is considered as a hybrid approach Toh (2001) .
LEACH is the low energy adaptive clustering hierarchy protocol in which the nodes are organised into local clusters, each local cluster has a head which are chosen randomly to be the local base station, if the cluster heads were chosen to be fixed along the network lifetime , that will lead to their death very quickly, so the LEACH performs a randomised rotation in cluster heads selection operation which is limited to the high energy cluster heads to prevent the battery depletion in cluster head nodes, then the Nodes will decide to which cluster it belongs relying on the minimum communication energy (Heinzelman et al., 2000) . Kar et al. (2003) and Park and Sahni (2006) , proposed the capacity maximisation protocol (CMAX) and OML in which they modified the CMAX .OML tries to compute a two shortest paths for each message ,without the knowledge of future route request, they develop online model to maximise the network lifetime. While, Al-Sharaeh et al. (2008 proposed a heuristic in which it takes into a consideration the multi-dimensional model and position distribution to evaluate the routing heuristics.
Wireless sensor representation
A wireless sensor network can be represented as a graph G = (V, E), where V represents the set of nodes and E represents the set of edges, The consumed energy used to transmit a unit message along the link (u, v) V is represented by EUV, (Kar et al., 2003) . for each (u, v) DE, in case of single hop transmission from sensor u to sensor v, the current energy in sensor u, ce(u) is represented by equation (1) (Park and Sahni, 2006) . where w (u,v) represent the power required to make a single hop, and it is calculated by weight function. In previous studies, the weight function based on hypothetical variables and the receiver of a message consumes no energy during the message reception. In this research, the realistic required power to make a single hop transmission is represented by E TX (k,d), the transmission power is calculated based on realistic variables, where k is the message size and d is the distance between the two nodes which have a link between them, we also assume that the receiver node consumes energy during the message reception. The receiving power is represented by E RX (k,d), The receiving power is calculated based on realistic variables , where also k is the message size and d is the distance, (Heinzelman et al., 2000) . The following figure represents a wireless sensor network where Figure 1 To represent a sensor location as well as the connectedness a random number from Uniform distribution was used (Park and Sahni, 2006; Kar et al. 2003) . The uniform distribution is a better choice to use in flat terrain environment but in mountains and deep oceans the Poisson distribution is the better choice. In this research the distance (d) between any two sensors, having link, is represented by a random number limited to a valid distance d in which d is used to compute the transmission power. The connectivity between the nodes was determined by comparing the node to a threshold which is the mean of the dimension of the network. In 3 dimensions all nodes were recursively checked comparing to their x, y and z dimension with the mean of the Euclidian dimensions for these 3 dimensions(x, y and z), Each node with a dimension value greater than or equal to the mean of the same dimension will be considered connected, else it will consider not (Park and Sahni, 2006) .
We used OML , CMAX, ERPMT_C and ERPMT_O heuristics to apply our realistic consumption technique , as we mentioned before CMAX (capacity maximisation) heuristic algorithm used a single shortest path computation, and its objective was to maximise the total number of messages successfully carried by the network without making any assumptions on future message arrivals (Kar et al., 2003) . ERPMT_C enhanced the CMAX by dividing the power at node level (current energy) into two ratios: the first is for the sensor originated data (α), the other is for relays from other sensors (β). OML is (online maximum lifetime), delays as much as possible the depletion of a sensor's energy to a level below that needed to transmit to its closest neighbour, to accomplish this objective using a two-step algorithm to find a path for each routing request.
In the first step, is starting by remove from all edges such that < as these edges require more energy than available for a transmit. The result is the graph. Next operation is determining the minimum energy path, from to in the pruned graph. This may be done using Dijkstra's shortest path algorithm (Singh et al., 1998; Li and Halpern, 2001) . ERPMT_O added an enhancement on OML by dividing the power at node level (current energy) into two ratios: the first is for the sensor originated data (α), the other is for relays from other sensors (β). A new technique introduced to assign a realistic weight to the edges, where the required power for transmission and reception are computed according to the first order model, with Different radio characteristics assumptions, including energy dissipation in the transmit and receive modes (Heinzelman et al., 2000) . The first order model assumes the radio dissipates Eelec = 50 nJ/bit to run the transmitter or receiver circuitry and €amp = 100 pJ/bit/m2. Table 1 shows the details of the first model. Table 1 The first model for energy dissipated
Operation Energy dissipated
Transmitter electronics (ETx_elec)
Receiver electronics (ERx_elec) 50 nJ/bit Transmit amplifier (€amp) 100 pJ/bit/m2
Source: Heinzelman et al. (2000) The first order model used to compute the transmission and receiving power, if we have a k-bit message, routed a distance d then;
where E Tx-elec is the transmitter electronic dissipated energy and it is equal to 50 nJ/bit 
and to receive this message, the radio expends:
where E Rx-elec is the receiver electronics dissipated energy and it is equal to 50 nJ/bit. k is the message size measured by bit. Then
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Rx elec E k E k = For the above parameters, the receiving message is not in low cost operation, then ERPMT_C and ERPMT_O represent a technique by dividing the power at node level into two ratios, one for data originated from the node (α), the other is for relays from other sensors (β).
In this paper we built on this technique by using the realistic power consumption equations to compute the transmission and the receiving power. We assume the message size k = 2000 bit, and the initial sensor power is = (0.5 j), We also assume that the radio channel is symmetric such that the energy required to transmit a message from node A to node B will be the same as the energy required to transmit a message from node B to node A (Hienzleman et al., 2000) . To compute the transmission power in every node in the route path Figure 2 , in which the distance between the nodes is d, a single k-bit message from a node A located in a distance (r.n) from B, where n = 1, since the power transmitting computation is performed for each tow consecutive nodes in the route path that is found by shortest path algorithm, we repeat the operation along the shortest path to compute power transmission consumptions using equation (3). 
where E T x-elec is the transmitter electronic dissipated energy and it is equal to 50 nJ/bit E Tx-amp is the transmit amplifier dissipated energy and it is equal to 100 pJ/bit/m2 k is the message size in bit d is the distance in metres between s i node and t i node.
The proposed technique

The proposed technique algorithm based on Hienzleman equations using heuristic 1 ERMPT_C_H is as follows:
Input:
// the current energy of each sensor is c e1 and c e2 : Find P // p is the shortest path modified Graph G' based on Dijikstra.
If no path is found in, the route is not possible else If p is found then Use P for route if its length is less than σ.
// the current energy of each sensor is c e1 and c e2 : //α : is the ratio of power dedicated to the data originated from the node itself.
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For each r i = (s i , t i ) // routing request // compute G' Calculate minRE // the minimum residual energy for sensors
Calculate Pi'' // a shortest from s i to t i path in G''
Analyses and results
We used the Mat lab to run the experiments, the four technique (OML, CMAX, ERPMT_C, and ERPMT_O) were implemented using the new realistic power consumption model. From the experiments results we got a new heuristics, CMAX_H, OML_H, ERPMT_C_H, and ERPMT_O_H. The new heuristics were implemented in Uniform and Poisson distributions for both one dimension and three dimensions. The experiments were done using 50 networks, each network consists of 40 sensors were randomly populated. The energy required by a single-hop transmission between two sensors was assumed to be (
where E elec is the power consumes by the radio (50 nJ/bit) to run the transmitter or receiver circuitry, k is the message size was set to be (2,000 bit). € amp is the energy consumes by the transmit amplifier, and d is the distance between two nodes having an edge between each other, every node has initial power (0.5 J) (Heinzelman et al., 2000) . In ERPMT_C and ERPMT_O, as we mentioned before the power are divided into (α), and (β). These two ratios were divided in two ways; First by dedicating less power or equal to β in comparison to α, and the other is done by assigning higher power for β than α. Table 2 shows the initial conditions of the simulations. The following figures shows the results of our new realistic power consumption model comparing to the existing energy aware routing heuristics for extending the network lifetime, in which OML obtained the best lifetime in the literature and CMAX achieved less life time when compared to OML, and OML_H achieved best lifetime when compared to CMAX_H, and finally ERPMT_CH achieved less life time when compared to ERPMT_OH.
• Dedicating power less or equal for β than α α was taken to be 10%, 20%, 30%, 40%, and 50% of total node energy.
• Average lifetime using Uniform distribution for α ≤ β Figure 3 shows the average lifetime for OML_H and ERPMT_OH, 40 networks were implemented with 40 sensors in each network, the average lifetime for α = 10%, 20%, 30%, 40%, 50% is 1, 345, 1,207.36, 1,130.13, 841.61, 879.33, respectively . It is clear from the graph that for the case of α=10% has the highest average lifetime were achieved by ERPMT_OH .Generally, ERPMT_OH achieves the best life time than OML_H when (α ≤ β) using uniform distribution. Table 3 shows the percentage difference in life time between OML_H and ERPMT_OH, in different cases of α where α ≤ β and the distribution is uniform, we used equation (4) ERPMT_C α= 10% Figure 4 shows that for α = 10%, 20%, 30%, 40%, 50% the average lifetime is 450.7, 458.08, 441.5, 484.7, and 473.3, respectively . ERPMT_CH achieves the highest average lifetime when α = 40% and lowest average life time achieved by ERPMT_CH when α = 30%.
Figure 4 also shows that the ERPMT_CH still has the best life time than CMAX_H. In General, using consumption model based on Heinzelman equations and realistic variables shows that applying ERPMT power management technique on the OML and CMAX where (α ≤ β) using the Uniform Distribution gained higher average life time than CMAX and OML without using the ERPMT technique. In the preceding researches, ERPMT_C and ERPMT_O where (α ≤ β) for the two distributions (uniform and Poisson) they proposed that the network lifetime increased by increasing the energy ratio dedicated for the sensor who own the data .In this research and in the two heuristics ERPMT_CH and ERPMT_OH there isn't a static rule such that the increasing of the energy ratio dedicated for the sensor who own the data causes increasing in the average lifetime of the network.
The Proposed realistic power technique based on heinzlman equations was applied on to four realistic techniques (OML, CMAX, ERPMT_O and ERPMT_C), to increase the WSN lifetime. Anew four realistic found (OML_H, CMAX_H, ERPMT_O_H, and ERPMT_C_H). After running the experiments for more than a hundred times , the result shows that the best average lifetime was 75.008 when α = 10% when using the ERPMT_O_H uniform distribution. The results also shows that when increasing the node numbers , that means the chance to find more than one path is increased , and that will consume power and decrease the average life time of the WSN. Implementing our technique on a case study like MICAZ we found that the uniform distribution achieves higher lifetime than the Poisson distribution.
Future work
In future work, the effects of categorising sensors according to their importance in the network, will be our main objective ,we will categorise the sensor networks according to their implication , military , health etc, if the sensor has a high priority then α >> β, if the sensor has low priority then α << β, and so on.
